In the preceding paper (1) we described the isolation and characterization of a mutant of Escherichia coli, designated strain M2, that does not ferment gluconate on indicator plates. This strain requires a long lag for growth on minimal gluconate medium and shows, in the log phase, somewhat lower levels of gluconate transport, gluconokinase, and gluconate-6-P dehydrase than its parental strain (1).
This paper is concerned with the characterization of revertants isolated from strain M2, as well as of constitutive mutants for the gluconate system derived from the parental strain Ml. A preliminary report of this work was presented (Nagel de Zwaig et al., Abstr. Annu. Meet. Amer. Soc. Microbiol. 1972, p. 160) .
MATERIALS AND METHODS Materials, symbols, and general methods are described in the preceding paper (1).
Anaerobic cultures. For anaerobiosis, cultures were inoculated in standing Klett tubes, filled to the top with medium and closed with a rubber stopper. log phase, washed and tested for "4C-gluconate uptake (2 x10-l M).
Isolation of constitutive mutants. Constitutive mutants were isolated from strain Ml as colonies that showed white color on TTZ-gluconate plates (1).
This procedure was based on the observation that constitutive pseudorevertants isolated from strain M2 formed white colonies on TTZ-gluconate plates; colonies of inducible strain Ml have a light pink color on the same medium.
RESULTS
Study of a mutant constitutive for gluconate utilization. A spontaneous mutant derived from strain Ml was isolated as explained above. The mutant, designated M18, showed constitutive gluconate transport and gluconokinase and gluconate-6-P dehydrase activities. Strain M18, whether grown on glucose, gluconate, or casein hydrolysate, gives a higher level of derepression for the activities involved in gluconate metabolism than does strain Ml grown on gluconate ( Table 1 ). The fact that strain M18 arose spontaneously suggests that the constitutive state for all the measured activities was attained in one step; the mutation involved is designated gntR18.
Mapping of the lesion in strain M18. A mating experiment between strain M18 as donor and strain F-JC411 as recipient was performed, and the constitutivity of different types of recombinants for the gluconate system determined as explained above. The result of this analysis indicated linkage between malA and the gene responsible for the constitutive phenotype of strain M18 (gntR). A transduction experiment mediated by phage P1 was performed to determine more precisely the location of gntR18 (Table 2) . Among the transductants selected as asd+, approximately 73% were mal+ or constitutive for gluconate (gntR18), but only 54% were both mal+gntR18. This suggests that the order of the markers is: gntR-asd-malA. Again, as observed in a similar transduction experiment (1), though about 60% of the asd+ transductants are mal+, all the mal+ transductants tested are asd+.
Selection of constitutive mutants from strain M2. Strain M2 was used as a starting strain for the selection of constitutive mutants for the gluconate system; this was done by recycling alternatively on glucose and gluconate mineral media, with or without previous mutagenesis. The rationale for this approach was that only revertants or constitutive mutants would obviate the lag period observed in strain M2 (1). As expected, this procedure permitted the isolation of several gluconatefermenting mutants. Analysis of eight independent isolates (Table 3) showed that all of them gave constitutive activities of gluconokinase and gluconate-6-P dehydrase, but unexpectedly, none of them had the capacity to transport gluconate at 2 x 10-5 M. In all these constitutive mutants, uptake of gluconate occurred at high gluconate concentration (5 x 10-4 M). This situation is similar to the one encountered with the pseudorevertant strains derived from strains HfrG6AMD18 and PA505MAA108 (1). When the high-affinity transport system for gluconate is not expressed, another transport system with lower affinity for gluconate is revealed. In this paper, we will refer to the transport activity with high affinity for gluconate as Ta activity, and the transport activity with lower affinity for gluconate as Tb activity.
One of the pseudorevertant strains, M4, was studied in more detail. Strain M4 does not grow aerobically on mineral medium with low gluconate concentration, probably owing to the impairment of the Ta activity (Fig. 1) . But, as shown in Table 4 , it grows well in aerobiosis on mineral medium with high gluconate concentration (2 x 102 M). Under these conditions, the generation time of strain M4 is slightly shorter than that of wild-type strain Ml (Table  4) . On the other hand, strain M4 grown anaerobically on mineral medium with 10-2 M gluconate shows a much longer generation time than strain Ml (Table 4 ). This suggests that the Tb activity might be less effective in anaerobiosis than under aerobic conditions. Genetic characterization of strain M4. Strain M4 appears to have arisen from strain M2 by only one mutational step; nevertheless, it differs phenotypically from the latter strain in two characteristics: the constitutivity of the activities involved in gluconate metabolism and the loss of the Ta activity. To establish the nature of the mutation responsible for the M4 phenotype, we undertook the genetic analysis of this strain. A P1 lysate from strain M4 was used to transduce strain MT18 (mal asd gnt+). Transductants (asd+) were selected and analyzed for mal or gnt markers (Table 5) . Although parental strains M4 and MT18 are both gnt+, 10% of asd+ transductants appeared as gnt; all these gnt transductants were mal+ (Table 5) . From this transduction experiment, four classes of transductants which differed from each other in gluconate metabolism were recovered (Table 6 ). Two of these classes correspond to the phenotypes of the parental strains VOL. 114,1973 REGULATORY MUTATIONS AFFECTING GLUCONATE SYSTEM Starting with mutant strain M2, pseudorevertants were isolated that became constitutive for gluconokinase and gluconate-6-P dehydrase but did not transport gluconate at 2 x 10'-M. Genetic experiments performed with one of these mutants (strain M4) revealed that this phenotype results from the interaction of two mutations: the original gntM2 mutation plus the addition of a constitutive regulatory mutation. One is thus confronted with an unexpected situation. Strain M2 shows impairment in the induction process but, once induced, expresses Ta activity, though at diminished levels; when it mutates to constitutivity, the Tb activity is no longer expressed. We have not yet determined the nature of the gntM2 mutation (1). The fact that constitutivity leads to loss of the high-affinity transport function suggests that strain M2 might require a large accumulation of gluconate (or a derivative) for its induction or that it might be defective in reaching the necessary level of the inducer. In strain M4, the high constitutive level of gluconokinase would prevent accumulation of the inducer, hence, expression of high-affinity transport function. In favor of this interpretation is the fact that a derivative of strain M4, which has lost kinase activity but still retains constitutive gluconate-6-P dehydrase activity, 
